Doxorubicin-y-cyclodextrin conjugates have been synthesized by the coupling of 14-bromodaunomycin with mono half-ester compounds linked to a 6-hydroxyl group of y-cyclodextrin. Release of drug from the conjugates in saline phosphate buffer solution and in vitro antitumor activity against L1210 leukemia cells were also investigated.
The anthracycline antibiotics doxorubicin (DXR)and daunorubicin are excellent antitumor agents, especially DXRwhich is widely used in the treatment of a number of solid tumors and leukemias in humans.1>2) However these drugs have dose limiting toxicities such as cardiac damage and bone marrow inhibition. 3) In recent years a variety of drug delivery systems for the anthracyclines have been reported. In most cases, the drugs were linked to high molecular compounds such as dextran,4>5) DNA,6) maleinic acid-divinyl ether co-polymer7) and the like, so that the conjugates had very intricate structures. Our attention has been focused on the synthesis of a new conjugate of DXRas a prodrug. The approach used was based on (i) use of a water soluble carrier bearing a linker which is cleavable by an enzyme or mild hydrolysis, (ii) regio-selective preparation of a conjugate, and (iii) change in drug delivery compared to the free drug, and (iv) reduced toxicity.
The present paper describes the synthesis and characterization of DXR-y-cyclodextrin conjugates, and the relationship between sustained release of DXRand in vitro antitumor activities. Chemistry
Cyclodextrins are extensively used in foods, Pharmaceuticals and in various other fields.8) Wechose y-cyclodextrin (y-CD) as a carrier in this program because of its low toxicity and high water solubility. In addition weused several dicarboxylic acid compoundsas linkers.
When y-CD in dimethylformamide (DMF) was reacted with phthalic anhydride (0.5 equiv.) in the presence of triethylamine (0.5 equiv.) at room temperature for several hours, the esterification gave a mixture containing mono 2-O-, mono 3-O-and mono 6-O-phthaloyl halfesters ofy-CD as main products. While the reaction in pyridine or pyridine-DMF afforded selectively mono half-ester compounds attached to a 6-hydroxyl group of y-CD. Table 1 shows the reaction conditions and the results when one 6-hydroxyl group was selectively esterified with dicarboxylic anhydrides and the products ratio was determined by HPLC analysis. The resulting half esters were purified by reverse phase column chromatography.
In the *H NMRspectrum (DMF-<i7) of 1, the chemical shifts of the esterified glucose moiety were observed down field compared with those of other uncharged glucose moieties, paticularly the signals of the esterified C-6 methylene group revealed at 4.14ppm (dd, J5 6a=6.6 and J6a 6b= 1 1.5 Hz) and 4.55ppm (d, /6b,6a= H-5Hz). These values shifted down field by 0.5~0.8ppm. The MSspectrum of 1 showed a molecular ion peak [M+H]+at m/z 1397. Similarly other compounds gave suitable XH NMRand MS spectra. These results supported that compounds1~4 had the monohalf-ester structure linked to a 6-hydroxyl group of y-CD.
DXR-y-CD conjugates was prepared by a convenient manner, namelv 14-bromodaunorubicin hydrochloride1' was coupled with one equivalent of the half-esters (1~4) in the presence of2 equivalents of triethylamine in DMF, yielding DXR-y-CD conjugates (5~8). The conjugates were chromatographed on a reverse phase column.
In XHNMRanalysis, the methylene signals at the 14-position of DXRmoiety in 5 (DMF-J7) and in 6 (DMSO-J6) were observed at 5.34 and 5.41 ppm (^i4a,i4b=18Hz), and at 5.45ppm (2H, broad), respectively. These downfield shifts resulted from the esterification of the 14 position of DXR.9) Structures of the conjugates (5~8) were also SEPT. 1994
and pyridine (5ml) was added and dissolved. Succinic anhydride (94.4mg, 0.943 mmol, 1.2 equiv.) was added under stirring and the reaction was run at room temp, for 18 hours. The mixture was poured into chloroform (100ml) to obtain a precipitate. The precipitate was filtered and washed with chloroform (20ml) and methanol (20ml), and then dried at 60°C to afford 496mg of crude 1 (containing about 60 mol% of 1). The crude 1 was purified on an ODS column (Yamamura Inst. Co., ODSA-120-350/250; eluent water-methanol 7: 1~3: 1) to yield 220mg of 1. (ii) DXR-succinyl-y-CD conjugate 5: Purified 1 (220mg, 0.157mmol) was dissolved in DMF(4.4ml) and triethylamine (44^1, 0.315mmol) was added. 14-Bromodaunorubicin hydrochloride (100mg, 0.157 mmol) was then added to the solution and stirred at room temp, for 2 hours. The mixture was poured into a mixture of chloroform/methanol (10ml/5ml). The resulting precipitate was filtered and dried to obtain 219 mg of a reddish powder. The powder was purified on the above mentioned ODScolumn (eluent 0.1% acetic acid-acetonitrile 13 :4) to provide 119mg of 5. 
